In this contribution we present the design and rst results of a new generation of variable temperature scanning probe microscope that has been developed to enhance the performance in tunnelling spectroscopy at lower temperatures. Its performance has been proven with imaging and spectroscopy experiments on the well known Si(111), Au(111), and Ag(111) surfaces.
Introduction
Conventional variable temperature scanning probe microscopes (SPMs) became available about 20 years ago.
The main idea was to look at structures at lower temperatures (≈ 50 K) where the thermal mobility is reduced and imaging of structures (i.e. molecules on a surface) was easier to achieve. Conventional variable temperature SPM microscopes [13] always cool the sample only. The rest of the instrument, including the scanner with the tunnelling tip, stays at room temperature. This design has a lot of advantages with respect to exibility and an open design. However, the sample is always faced a warm tip and the instrument needs a careful design to minimize thermal drift. With this design approach it has been possible to reduce the remaining thermal drift to values lower than 50 pm/s [1] . Imaging surfaces at low temperatures deliver good results, however this setup is not ideal for spectroscopy measurements due to the remaining drift between the tip and the surface. In conventional variable temperature designs it is therefore required to perform spectroscopy experiments quickly.
In the last decade tunnelling spectroscopy has received more and more importance in surface science. In addition to imaging a surface or a surface with molecular structures, tunnelling spectroscopy is required to learn more about these new structures and their interaction with the surface or the environment. Due to the lack of spectroscopy performance of conventional variable temperature designs, research moved to low temperature scanning tunneling microscopy (STM) designs where the complete STM is kept at a low temperature (4 K or 77 K) by using bath cryostats. However, these instruments often require a system solution due to their complex design with shielded nitrogen and helium tanks [4, 5] . * corresponding author; e-mail: p.chomiuk@apvacuum.com An alternative and a next generation is a compact variable temperature SPM with a cold tip. This needs a new approach, the design of a new and compact SPM stage, optimized thermal shields, a dedicated heat ow control and a stable and precise temperature regulation.
Experimental
The new SPM is based on a novel design which uses 
Results
The Fermi SPM was tested at full cooling power using the ow cryostat with liquid helium. First experiments were done on the well known Si(111) 7 × 7 reconstruction (1049) P. Chomiuk et al. (Fig. 1) Au corrugation is in the range of 5 pm and corresponds well with the literature data [9] . We estimate the z stability of only a few pm with full cooling power. Low thermal drift has been also conrmed by spectroscopy experiments.
The performance for tunnelling spectroscopy was tested on Au(111) surface at a sample temperature of 10 K (Fig. 3) . Having tip and sample cold results Standing electron waves have been observed on Ag(111) surface at 10 K (Fig. 4) .
The Ag(111) surface has a surface state around −65 mV which forms a two-dimensional nearly free electron gas parallel to the surface and many physical phenomena may be observed [1113] . The surface state of Ag(111) can be directly measured using dI/ dV spectroscopy. These sur- 
